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Abstract: We consider a RG ow in a general s^u(2) coset model induced by the least
relevant eld. This is done using two dierent approaches. We rst compute the mix-
ing coecients of certain elds in the UV and IR theories using a conformal perturbation
theory. The necessary structure constants are computed. The same coecients can be
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sponding one-point functions and show that the two approaches give the same result in the
leading order.
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1 Introduction
In this paper we consider the general s^u(2) coset model M(k; l) [1] perturbed by the least
relevant operator. This theory was already analyzed in [2] (see also [3]). It was shown
there that in the leading order in 1=k, k !1, there exists a nontrivial xed point, a zero
of the -function. The IR theory was identied with M(k  l; l). Here we are interested in
the mixing of certain elds under the corresponding RG ow. This is interesting problem
because, as it can be seen from [4] and [5] in the rst order, and in [6] and [7] in the second,
the mixing coecients are the same for l = 1 (Virasoro) and l = 2 (superconformal)
theories. We will show that this is the case in the general theory, i.e. they do not depend
on l and are nite in the leading order. We nd it convenient, following [2], to use the
construction presented in [8]. Namely, we dene the perturbing eld and the other elds
in consideration recursively as a product of lower level elds. Then the corresponding
structure constants, governing the perturbation expansion, are obtained by demanding the
closing of the OPE's with the perturbing eld.
In the second part of the paper we present an alternative, non-perturbative descrip-
tion of the RG ow. It was proposed time ago by Gaiotto in [9] where he specied the
construction of [10] for the case of perturbed minimal models. In this approach the UV-IR
map resulting through the RG ow is encoded in a specic conformal interface, the RG
domain wall. In this construction the mixing coecients are expressed in terms of the
one point functions of the product of UV and IR theories in the presence of a specic RG
boundary.1 The corresponding boundary state was constructed in [9]. It was shown there
that for l = 1 the coecients coincide with those found in [4] in the leading order. The
same is true also in the second order [6].2 The construction was further generalized for
descendent elds [12] in l = 1 and for some elds in l = 2 [13] where also the coecients
coincide. The case of general level l theories was addressed in [14] where reection and
1In [11] it is shown that this is the case also for other models and for any dimension.

















transmission coecients were found. In this paper we show that the mixing coecients of
certain elds are the same for any l in the leading order.
This paper is organized as follows. In the next section we describe the perturbation
of the general s^u(2) coset theory. We construct the perturbing eld as well as special
elds that mix under the corresponding RG ow. The structure constants of the latter are
computed following an approach analogous to [2]. In the third section we use the structure
constants to compute the mixing coecients of these elds in the leading order. Section
4 is devoted to the construction of the domain wall for the perturbed coset model. We
compute the one-point functions corresponding to the mixing coecients. They turn out
to coincide with those of section 3 in the leading order. Finally, we present our conclusions.
2 The theory




where k and l are integers and we assume here that k > l. It is written in terms of s^u(2)k
WZNW models with current Ja, k is the level. The latter are CFT's with a stress tensor










The central charge of the corresponding Virasoro algebra is ck =
3k
k+2 . The energy momen-
tum tensor of the coset (2.1) is then given by: T = Tk + Tl   Tk+l in obvious notations.
The resulting central charge for the coset CFT can be read from this construction:
c =
3kl(k + l + 4)





1  2(l + 2)
(k + 2)(k + l + 2)

:
The dimensions of the primary elds m;n(l; p) of the \minimal models" (rational CFT)
are given by [15] (m;n are integers):
m;n(l; p) =






s = jm  nj(mod(l)); 0  s  l;
1  m  p  1; 1  n  p+ l   1 (2.3)
where we introduced p = k + 2 (note that we inverted k and l in the denition of the
elds since we want to follow the notations of [2]). It is known [15{17] that the theory
M(k; l) possesses a symmetry generated by a \parafermionic current" A(z) of dimension
A =
l+4
l+2 . We shall present an explicit construction of this current below. Here we just

















by the integer s. The branching of the current A(z) on the eld (or state) of sector s can
be written symbolically as [18] (see also [19]):
A m  (s+2)
(l+2)
js >= js+ 2 >; A mjs >= js >; A m  (l+2 s)
(l+2)
js >= js  2 > : (2.4)
In this paper we prefer to use another description of the theory M(k; l) presented in [8].
It was shown there that this theory is not independent but can be built out of a product
of theories of lower level. Schematically this can be written as a recursion:
M(1; l   1)M(k; l) = P(M(k; 1)M(k + 1; l   1))
where P in the r.h.s. is a specic projection. It allows the multiplication of elds of the
same internal indices and describes primary and descendent elds (see [8] for more details).
In this paper we consider the CFT M(k; l) perturbed by the least relevant eld. Such
theory was described in [2] where the -function and the xed point were found. Our goal
here is to describe also the mixing of certain elds under the RG ow.
Let us briey sketch the constructions. The perturbed theory is described by the
Lagrangian:
L(x) = L0(x) + ~1;3(x)
where L0(x) describes the theory M(k; l) itself. We identify the eld ~1;3 with the rst
descendent of the corresponding primary eld (2.3) with respect to the current A(z). In
fact, in view of (2.3) 1;3 belongs to the sector j2 > and has a descendent belonging to
sector j0 > due to the last of (2.4). The dimension of this rst descendent is therefore
(for s = 2):





= 1  : (2.5)
In this and in the next sections we consider the case p!1 and assume that  = 2p+l  1
is a small parameter.
Following [2] we nd it more convenient here to dene the eld ~1;3 alternatively in
terms of lower level elds:
~1;3(l; p) = a(l; p)1;1(1; p)~1;3(l   1; p+ 1) + b(l; p)1;3(1; p)3;3(l   1; p+ 1) (2.6)
where a(l; p) =
q
(l 1)(p 2)




The eld 3;3(l; p) is just a primary eld constructed as [2]:
3;3(l; p) = 3;3(1; p)3;3(l   1; p+ 1) (2.7)
with dimension from (2.3). It is straightforward to check that the eld (2.6) has a correct
dimension (2.5).
The mixing of the elds along the RG ow is connected to the two-point function. In
the rst order of the perturbation theory it is given by:
< (x1)(x2) >=< (x1)(x2) >0  
Z
























< (1)(0)~1;3(x) > d
2x
= C(1;3)()()
(+   )(+   )
(2)
(2.9)
Therefore the computation of the structure constants is of primary importance.
The coecients a(l; p) and b(l; p), as well as the necessary structure constants, were
obtained in [2].
For example the structure constant we need for the computation of the -function (up









The computation of the -function gives:









g2 + : : :





+ : : : (2.10)
It was shown in [2] that this xed point corresponds to the theory M(k   l; l). Indeed:





(g)dg =   l(l + 2)
2
3 + : : :
which perfectly coincides with cp l  cp up to this order in . The anomalous dimension of
the eld ~1;3(l; p) at the xed point is:
 = 1  @g(g)jg=g = 1 + +O(2):
This dimension matches up to this order the dimension of the eld ~3;1(l; p   l) which is
dened analogously to ~1;3(l; p). We shall present its exact construction below.
Let us dene recursively, in analogy with the elds ~1;3(l; p) and 3;3(l; p), the following
descendent elds:
~n;n+2(l; p) = x(l; p)n;n(1; p)~n;n+2(l   1; p+ 1)
+y(l; p)n;n+2(1; p)n+2;n+2(l   1; p+ 1);
~n;n 2(l; p) = ~x(l; p)n;n(1; p)~n;n 2(l   1; p+ 1)
+~y(l; p)n;n 2(1; p)n 2;n 2(l   1; p+ 1) (2.11)
and the primary eld

















The dimensions of these elds are:



















They are analogs of the (descendants of the) NS elds of the N = 1 super conformal
theory(l = 2) and the elds from S or D-sectors of 4=3-parafermionic theory (l = 4).
Two remarks are in order. First, similarly to ~1;3(l; p) and 3;3(l; p) the elds dened
above belong to the zero charge, or \vacuum sector". The arguments for that go along the
same lines. Second, the elds (2.11) and the derivative of (2.12) have dimensions close to
one and therefore can mix. To ensure this we ask that their fusion rules with the perturbing
eld are closed. This requirement denes the coecients in (2.11) and the corresponding
structure constants. So we impose the conditions:




3;3(l; p)n;n(l; p) = C(nn+2)(33)(nn)(l; p)~n;n+2(l; p) + C
(nn)
(33)(nn)(l; p)n;n(l; p): (2.14)
As in [2], using the constructions (2.6), (2.7) and (2.11), (2.12), we obtain functional
equations for the coecients and the structure constants:




(33)(nn+2)(l   1; p+ 1)
+byC(nn)(13)(nn+2)(1; p)C
(nn+2)
(33)(n+2n+2)(l   1; p+ 1) = xC
(nn+2)
(13)(nn+2)(l; p); (2.15)




(33)(nn+2)(l   1; p+ 1)
+byC(nn+2)(13)(nn+2)(1; p)C
(n+2n+2)
(33)(n+2n+2)(l   1; p+ 1) = yC
(nn+2)
(13)(nn+2)(l; p): (2.16)




(33)(nn+2)(l   1; p+ 1)
+byC(nn)(13)(nn+2)(1; p)C
(nn)
(33)(n+2n+2)(l   1; p+ 1) = C
(nn)
(13)(nn+2)(l; p) (2.17)
from the rst of (2.14) and
C(nn)(33)(nn)(1; p)C
(nn+2)










(33)(nn)(l   1; p+ 1) = C
(nn)
(33)(nn)(l; p) (2.18)
from the second one. In all these equations x, y, a and b are at values (l; p). Note that
x2 + y2 = 1 (as well as a2 + b2 = 1) by normalization.
In order to solve these functional equations we use the fact that we know the value
of the structure constants C(1; p), i.e. the Virasoro ones. Also, by construction, the elds
3;3(l; p) and n;n(l; p) are primary. Therefore their structure constants are just a product



















Gn(p+ l   1)
Gn(p  1) ;
C(n+2n+2)(33)(nn) (l; p) =
~Gn(p+ l   1)
~Gn(p  1)
(2.19)






















































and (x) =  (x) (1 x) .
Finally, one can use the knowledge of the solutions for l = 1; 2; 4 [20{22]. With all this,
we can make a guess and check it directly. We present here only the constants we need in
the sequel:
C(nn)(13)(nn)(l; p) =  (n  1)
s
l
(p+ l   2)(p  2)Gn(p+ l   1);
C(nn+2)(13)(nn)(l; p) =
s
(p+ l   2)(p  n  1)
(p+ l   n  1)(p  2)
~Gn(p+ l   1); (2.21)
C(nn+2)(13)(nn+2)(l; p) =

 l(n+ 1) + 2(p+ l   2)(p  n  1)
p+ l   n  1
 Gn+2(p+ l   1)p
l(p+ l   2)(p  2) :
We want to stress that the \structure constants" thus obtained are actually square roots of
the true structure constants C. The reason is that our construction makes use of \chiral"
one-dimensional elds instead of the real two-dimensional ones [8]. Therefore the true
structure constants are squares of those in (2.19) and (2.21).
The coecients in the construction (2.11) are given by:
x =
s
(l   1)(p  n  1)
l(p  n) y =
s
p+ l   n  1
l(p  n) :
In exactly the same way one obtains the structure constants involving the eld
~n;n 2(l; p). It turns out that they are obtained from the corresponding constants for
~n;n+2(l; p) by simply changing n!  n:
C(nn 2)(13)(nn)(l; p) =
s
(p+ l   2)(p+ n  1)
(p+ l + n  1)(p  2)
~G n(p+ l   1); (2.22)
C(nn 2)(13)(nn 2)(l; p) =

l(n  1) + 2(p+ l   2)(p+ n  1)
p+ l + n  1
 G n+2(p+ l   1)p
l(p+ l   2)(p  2) :
Finally, C(nn 2)(13)(nn+2)(l; p) = 0 as can be seen by examining recursively the OPEs and

















3 Mixing of the elds
Now we are in a position to describe the mixing of the elds we dened above along the
RG ow.
We use here the renormalization scheme of [6]. It is a variation of that originally
proposed by Zamolodchikov [4]. The renormalized elds are expressed through the bare
ones by:
g = B()








(1) =  (3.1)
satisfy the Callan-Symanzik equation








where the matrix of anomalous dimensions   is given by
  = B^B 1   B@B 1 (3.2)
where ^ = diag(1;2) is a diagonal matrix of the bare dimensions. The matrix B
itself is computed from the matrix of the bare two-point functions using the normalization
condition (3.1) and requiring the matrix   to be symmetric.
Let us rst consider the eld n;n dened by (2.12). It has a dimension close to zero
and doesn't mix with other elds. This signicantly simplies (3.2). Namely, for the
anomalous dimension we simply obtain (gn;n = B()n;n):
(g)n;n = n;n + @ logB:
Using the structure constant (2.21) obtained above we nd (in terms of the renormalized
coupling constant):










(n2   1)l2(2 + 3l+O(2))
32
which coincides up to this order with the dimension n;n(l; p  l) of the eld n;n(l; p  l)
from (2.13). Thus, we conclude that, under the RG ow, the UV eld n;n(l; p) ows to
the IR n;n(l; p  l).
Now we turn to the mixing of the other elds in consideration. Let us denote for
convenience the basis of elds:
1 = ~n;n+2; 2 = (2n;n(2n;n + 1))

















where we normalized the eld 2 so that its bare two-point function is 1. It is straight-
forward to modify the functions involving 2 taking into account the derivatives and the
normalization.
The matrix of the two-point functions up to the rst order in the perturbation ex-
pansion was presented in (2.8). It is obviously symmetric and expressed in terms of the
structure constants as shown in (2.9).












































Now we can apply the renormalization procedure of [6] and obtain the matrix of anoma-
lous dimensions (3.2). The results, in terms of the renormalized coupling constant g, are:


























where the dimensions are given by (2.13).
Evaluating this matrix at the xed point (2.10), we get
 g


















3;1 = 0;  
g











n  1 ;  
g
3;3 = 1 +
(n2   5)
2(n  1) :
The eigenvalues of this matrix are:
g































This result coincides with dimensions ~n+2;n(l; p  l),n;n(l; p  l) + 1 and ~n 2;n(l; p  l)
of the model M(k   l; l) up to this order.3
The corresponding normalized eigenvectors should be identied with the elds












































































is the normalized derivative of the corresponding primary eld. We notice that these
eigenvectors are nite as ! 0 with exactly the same entries as in l = 1 and l = 2 models.
4 RG domain wall
In the previous sections we proved that the coset CFT M(k; l) perturbed by the eld ~1;3
has a nontrivial xed point corresponding to M(k   l; l) in the leading order. We also
found the mixing coecients for certain elds between the UV TUV = M(k; l) and the IR
TIR = M(k   l; l) theories.
Few years ago Gaiotto constructed a nontrivial conformal interface (RG domain wall)
encoding the UV-IR map resulting through the RG ow described above [9]. Let us briey
recall the construction. Gaiotto considered a theory consisting of a IR M(k  l; l) theory in
the upper half plain and a UV M(k; l) in the lower one. The conformal interface between
the two CFT models is equivalent to some conformal boundary for the direct product of
the theories TUV  TIR:
s^u(2)k  s^u(2)l
s^u(2)k+l
 s^u(2)k l  s^u(2)l
s^u(2)k
 s^u(2)k l  s^u(2)l  s^u(2)l
s^u(2)k+l
:
Note that two factors of s^u(2)l appear at the r.h.s. and therefore the theory possesses a
natural Z2 symmetry. In [9] it was shown that the desired boundary of the theory:
TB = s^u(2)k l  s^u(2)l  s^u(2)l
s^u(2)k+l






























jt; d; d; s;B; Z2 
where the indices t; d; s of the Ishibashi states refer to the representations of
s^u(2)k l, s^u(2)l,s^u(2)k+l respectively and S
(k)










In this construction, the coecients (3.3) of the UV-IR map are expressed in terms of the
one point functions of the theory TUV  TIR in the presence of the RG boundary. So we
need the explicit expression of the states corresponding to the elds IRUV in terms of
the states of the coset theory TB.
Basic ingredient of the latter is the s^u(2)k WZNW with a current J . As we men-
tioned above it is a CFT with central charge ck =
3k
k+2 . The primary elds j;m and
the corresponding states jj;m > are labeled by the (half)integer spin j and its projection





The representations are dened by the action of the currents on these states:
J0 jj;m > =
p
j(j + 1) m(m 1)jj;m 1 >; J00 jj;m > = mjj;m > : (4.2)
Following [13] let us denote by K(z) and ~K(z) the WZNW currents of s^u(2)l entering
the cosets of the IR and UV theories respectively. We reserve the notion J(z) for the current
of s^u(2)k l entering the IR coset. The corresponding energy momentum tensors can be
expressed in terms of these currents using (2.2). For example we can write symbolically
the IR stress tensor as:
Tir =
1







and similarly for the UV one. Finally, we impose the condition that the state of the coset
TB be a highest weight state of the diagonal current J +K + ~K.
Now we are in a position to compare the mixing coecients in (3.3) with the corre-
sponding one-point functions of the domain wall construction. Actually, we found it easier
to compute the one-point functions of the other components of the corresponding multi-
plets. Namely, we shall consider the mixing of the \rst components" given by the primary
elds n;n2 and the rst descendent of n;n with respect to the current A(z). Indeed,
since n;n belongs to the \vacuum sector" the current A(z) is not branched around it and





























So all these elds have dimension close to 2l+2 in the limit p ! 1. Suppose they mix
in the same way like it was in the case l = 2 for example [13]. We want to compare the
corresponding one point functions with the coecients in (3.3).
We shall need therefore the explicit construction for the current A(z). It goes in a way




where 1;m(z) is a spin 1 eld of the level l WZNW theory with a current K(z) and there
is a summation over the index a = 1; 0. Indeed, the dimension of this current is:







The coecients Ca, Da are xed by the requirement that the respective state be the highest




; D0 = ; D  =   p
2
;
C+ =   l + 4
(k   l)p2 ; C0 =  
l + 4
(k   l) ; C  = 
l + 4
(k   l)p2 (4.5)
where  is a normalization constant. Since below we shall normalize the corresponding
states we don't need it explicitly here. It is straightforward to make a similar construction
for the UV coset with obvious change of currents and levels.
Now we can pass to the computation of the one-point functions of the elds iruv
and compare them with the corresponding coecients in (3.3).
Let us rst start though with the eld uvn;n itself. As we showed above it ows to the
eld irn;n in the infrared. So we need to nd the state in TB corresponding to irn;nuvn;n. For
this we need to match their conformal dimensions and to ensure that the state is a highest
weight state of the diagonal current J + K + ~K. The dimension of the primary eld n;n





4(k   l + 2)  
n2   1
4(k + l + 2)
: (4.6)






> j0; 0 > j0; 0 >
where the three states correspond to s^u(2) of levels k  l (with current J), IR level l (with
current K) and UV level l (with current ~K) respectively. Indeed, this state is obviously a
spin n 12 highest weight state of J +K + ~K and its dimension:
Jn 1
2




coincides with (4.6). It is obvious that this state is invariant under the Z2 action, i.e. the







































This conrms that up to the leading order in k !1 the eld uvn;n ows to irn;n.
Note that the calculations are very similar to that of [13]. We shall see that this is the
case also for the other one-point functions below.
Let us nd for example the state corresponding to irn+2;n
uv
n;n+2. The dimensions can








4(k   l + 2)  
(n+ 1)(n+ 3)
4(k + l + 2)
:







     > j1;  > j1;  > : (4.8)
The coecients C are obtained by imposing the condition that (4.8) has a correct IR
dimension and is a highest weight state of J +K + ~K. We obtain:
C++ =   1p
n


































Again, we see that the calculations are very similar to those of [13]. The reason is that
the spins entering the construction of the state (4.8) are the same although the levels of
s^u(2) algebras are dierent. The latter fact however doesn't aect the nal result. This is































































































4(k   l + 2)  
(n+ 1)(n+ 3)
4(k + l + 2)
: (4.11)






> j0; 0 > j1; 1 > (4.12)
(because the spin 1 term in (4.11) refers to UV level l current ~K). Using the explicit























> j1; a > j1; 1 >


















> j1; 1 > j1; 1 >









> j1; 0 > j1; 1 > :

































It is clear that also the other calculations for the one-point functions including the
descendent ~n;n will be similar to [13]. The only dierence appear in the level dependence
of the coecients and consequently in the normalization like (4.13). Since the overlap is
also quadratic this level dependence disappear. The only level dependence left is thus in
the modular matrix. Finally, we get:
< ~irn;n
uv














































































































We see that all these results (4.9), (4.10), (4.14) and (4.15) are in a perfect agreement
with the leading order calculations (3.3) presented in the previous section.
5 Concluding remarks
We presented the calculation of the mixing coecients of certain elds in the general
s^u(2) coset models M(k; l) perturbed by the least relevant eld. This was done using two
dierent approaches. First we used a perturbation theory in 1=k,  ! 1. We found the
corresponding structure constants governing the perturbation expansion. This was done
using the projected tensor product construction of the coset model [8]. In the second part
of this paper we presented the RG domain wall construction of Gaiotto for the general coset
model. We found the one-point functions expressing the corresponding mixing coecients.
It turns out that both results coincide in the leading order. Moreover, they are nite, do
not depend on l and coincide with the corresponding coecients for l = 1 and l = 2. It is
interesting to compare these two approaches in the next to leading order. We will present
the necessary calculations elsewhere. Also, it will be good to nd the results for other elds,
for example the analogs of n;n1 in Virasoro and superconformal theories. Finally, an
interesting problem is the extension of these constructions to other two-dimensional CFT's.
Acknowledgments
This work was supported in part by the Bulgarian NSF Grant DFNI T02/6.
Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
References
[1] P. Goddard, A. Kent and D. Olive, Virasoro algebras and coset space models, Phys. Lett. 152
(1985) 88.
[2] C. Crnkovic, G.M. Sotkov and M. Stanishkov, Renormalization group ow for general SU(2)
coset models, Phys. Lett. B 226 (1989) 297 [INSPIRE].
[3] F. Ravanini, Thermodynamic Bethe ansatz for G(k)G(l)=G(k + l) coset models perturbed
by their (1; 1;Adj) operator, Phys. Lett. B 282 (1992) 73 [INSPIRE] [hep-th/9202020].
[4] A.B. Zamolodchikov, Renormalization group and perturbation theory near xed points in
two-dimensional eld theory, Sov. J. Nucl. Phys. 46 (1987) 1090 [INSPIRE].
[5] R.G. Poghossian, Study of the vicinities of superconformal xed points in two-dimensional
eld theory, Sov. J. Nucl. Phys. 48 (1988) 763 [INSPIRE].
[6] R. Poghossian, Two dimensional renormalization group ows in next to leading order, JHEP
01 (2014) 167 [arXiv:1303.3015] [INSPIRE].
[7] C. Ahn and M. Stanishkov, On the renormalization group ow in two dimensional

















[8] C. Crnkovic, R. Paunov, G. Sotkov and M. Stanishkov, Fusions of conformal models, Nucl.
Phys. 336 (1990) 637.
[9] D. Gaiotto, Domain walls for two-dimensional renormalization group ows, JHEP 12 (2012)
103 [arXiv:1201.0767] [INSPIRE].
[10] I. Brunner and D. Roggenkamp, Defects and bulk perturbations of boundary Landau-Ginzburg
orbifolds, JHEP 04 (2008) 001 [arXiv:0712.0188] [INSPIRE].
[11] F. Gliozzi, P. Liendo, M. Meineri and A. Rago, Boundary and Interface CFTs from the
Conformal Bootstrap, JHEP 05 (2015) 036 [arXiv:1502.07217] [INSPIRE].
[12] A. Poghosyan and H. Poghosyan, Mixing with descendant elds in perturbed minimal CFT
models, JHEP 10 (2013) 131 [arXiv:1305.6066] [INSPIRE].
[13] G. Poghosyan and H. Poghosyan, RG domain wall for the N = 1 minimal superconformal
models, JHEP 05 (2015) 043 [arXiv:1412.6710] [INSPIRE].
[14] I. Brunner and C. Schmidt-Colinet, Reection and transmission of conformal perturbation
defects, J. Phys. A 49 (2016) 195401 [arXiv:1508.04350] [INSPIRE].
[15] D. Kastor, E. Martinec and Z. Qiu, Current algebra and conformal discrete series, Phys.
Lett. B 200 (1988) 434.
[16] F. Ravanini, An innite class of new conformal eld theories with extended algebras, Mod.
Phys. Lett. 3A (1988) 397 [INSPIRE].
[17] L.F. Alday, D. Gaiotto and Y. Tachikawa, Liouville correlation functions from
four-dimensional gauge theories, Lett. Math. Phys. 91 (2010) 167 [arXiv:0906.3219]
[INSPIRE].
[18] Z. Kakushadze and S.H.H. Tye, Kac and new determinants for fractional superconformal
algebras, Phys. Rev. D 49 (1994) 4122 [hep-th/9310160] [INSPIRE].
[19] N. Wyllard, Coset conformal blocks and N = 2 gauge theories, arXiv:1109.4264 [INSPIRE].
[20] V. Dotsenko and V. Fateev, Operator algebra of two dimensional conformal theories with
central charge c < 1, Phys. Lett. B 154 (1985) 291.
[21] A.B. Zamolodchikov and R.G. Poghossian, Operator algebra in two-dimensional
superconformal eld theory (In Russian), Sov. J. Nucl. Phys. 47 (1988) 929 [INSPIRE].
[22] R. Poghossian, Operator algebra in two dimensional conformal quantum eld theory
containing spin 4=3 parafermionic coserved currents, Int. J. Mod. Phys. A 6 (1991) 2005.
{ 15 {
